Background. Mycoplasma pneumoniae is an important cause of upper and lower respiratory tract infections. cough and tracheobronchitis are the commonest features of M. pneumoniae infection but diagnosis based on clinical symptoms that may be due to other respiratory pathogens is impossible. Thus laboratory testing for M. pneumoniae is particularly important. correct and rapid diagnosis of M. pneumoniae infections is of prime importance to introduce appropriate antibiotic treatment. Objectives. evaluation of the incidence of IgM and IgG antibodies specific to M. pneumoniae among children with pneumonia and/or chronic cough. Material and Methods. Serum samples from 148 children with a history of chronic cough (lasting at least one month), recurrent respiratory tract infections, allergic rhinitis, and/or inflammatory changes on X-chest ray. first, all sera were screened for specific anti-M. pneumoniae antibodies using agglutination test following the detection of specific IgM and IgG anti-M. pneumoniae antibodies using immunoenzymatic assays. Results. Out of the 148 serum samples, 57 (38.5%) gave positive screening results. However, the presence of M. pneumoniae-specific IgM and/or IgG antibodies was confirmed by immunoenzymatic assays in only 30 (52.6%) of these 57 positive samples. These results indicated that in as many as 27 (47.4%) out of the 57 serum samples screened, false-positive results occurred. Conclusions. evaluation of acute-and convalescent-phase sera is necessary to make possible accurate interpretation of the serological testing results (Adv Clin Exp Med 2014, 23, 2, 185-190).
Mycoplasma pneumoniae (M. pneumoniae) belongs to the family Mycoplasmataceae, order Mycoplasmatales and class Mollicutes. all members of the class Mollicutes, including M. pneumoniae, characterize the lack of a cell wall, making these microorganisms resistant to β-lactam antibiotics that inhibit bacterial cell wall synthesis. Moreover, the lack of a rigid cell wall confers pleomorphic nature of these organisms, inability to stain with Gram dyes and their substantial susceptibility to desiccation. Mycoplasmas belong to the smallest microorganisms capable of a cell-free mode of living. Their small size allows mycoplasmas to pass through 0.45 µm pore size filters and make them undetectable by light microscopy [1, 2] .
There are several Mycoplasma species inhabiting a human's respiratory and urogenital tract ( fig. 1 ). although all these species can colonize mucosal surfaces only some of them are involved in respiratory and urogenital tract infections in humans. Mycoplasmas belong to extracellular pathogens but require close association with host cell to survive. a complex, specialized attachment organelle with most prominent P1 cytoadhesin enable mycoplasmas to reside on epithelial surfaces and protects them from mucocilliary clearance. according to Rottem [3] close contact with the host cell facilitates M. pneumoniae to fuse with and enter host cells establishing later or chronic infections, although the extent to which the organism invades the host cells in vivo is not known.
M. pneumoniae is an important cause of upper and lower respiratory tract infections as well as a wide spectrum of extrapulmonary manifestations, involving almost all organs of the human body and including neurological (e.g. M. pneumoniae is an important antecedent to Guillain-Barre syndrome, cranial nerve palsy, cerebellar ataxia, polyradiculopathy), hepatic, renal (e.g. Iga nephropathy, acute glomerulonephritis, renal failure) cardiac diseases, hemolytic anemia, polyarthritis, erythrema multiforme or Stevens-Johnson syndrome. although most commonly M. pneumoniae infections occur among children 5-15 years of age, they can be involved in diseases in older individuals and in children below 5 years of age [4] [5] [6] . In Poland, the epidemiological data from the period 1994-1996 showed that M. pneumoniae caused from 2 to 16% of all respiratory tract infections; however, the percentage of infections increases every 4-5 years during epidemics and may reach even 60% [7] . according to surveillance data from european countries during the autumn of 2011 there was an increase in reporting rates of M. pneumoniae infections in northern but not in southern europe [8] .
M. pneumoniae may account for as many as 25% of the clinical manifestations of the upper respiratory tract illness. The most common manifestations include sore throat, hoarseness, fever, nonproductive cough, headache, chills, coryza, myalgia and general malaise [1, 2, 9] . children under 5 years of age are most likely to manifest coryza and wheezing but progression to bronchopneumonia is relatively uncommon in this age group. However, M. pneumoniae may cause up to 5% of cases of bronchiolitis in young children. In contrast, older children are more likely to develop bronchopneumonia. Mild and asymptomatic infections are particularly common in adults though bronchopneumonia develops in 3 to 10% of infected individuals [1] . community acquired pneumonia due to M. pneumoniae is usually mild and self-limiting (hence term walking pneumonia) but severe pulmonary involvement requiring hospitalization can occur in otherwise healthy children and adults. Pleural effusion, pneumatocele, lung abscesses, pneumothorax, bronchiectasis, chronic interstitial fibrosis and acute respiratory-distress syndrome have been reported [2, 9] . M. pneumoniae-associated respiratory tract infections may promote the exacerbation of asthmatic symptoms, which is related to the immune response against these microorganisms [10, 11] . M. pneumoniae infection was found to increase the production of interleukin-4 (IL-4) and interferon gamma (IfNγ), indicating a predominant Th2-like cytokine response and creating favorable condition for Ige production [12] . Stelmach et al. [13] have shown serum Ige increase in children after acute infection with M. pneumoniae. furthermore, lipoproteins and glycoproteins present in the cell membrane and cytoplasm of M. pneumoniae are potent inducers of cytokines that through their molecular mimicry can elicit autoimmunity.
Nonproductive cough is one of the most prominent clinical symptom of M. pneumoniae infection. according to Kiciński et al. [14] M. pneumoniae infection was confirmed in 9.4% of 1710 children up to 6 years of age with coughing as a predominant clinical symptom of pneumonia. Wang et al. [15] have detected M. pneumoniae infection among 12.9% of children with a persistent cough. In the study we analyzed the incidence of IgM and IgG antibodies specific to M. pneumoniae among children with pneumonia and/or chronic cough hospitalized in 1st department and clinic of Paediatrics, allergology and cardiology of the Wroclaw Medical University, Poland.
Material and Methods
Serum samples from 148 children were obtained from 1st department and clinic of Paediatrics, allergology and cardiology, Wroclaw Medical University. The ages of the patients ranged from 18 months to 17 years (median age, 7 years). all patients had a history of chronic cough (lasting at least one month), recurrent respiratory tract infections, allergic rhinitis, and/or inflammatory changes on X-chest ray. 
Mycoplasma Screening Assay
first, all sera were screened for specific anti--M. pneumoniae antibodies. The Serodia Myco II gelatin particle agglutination test (fujirebio, purchased from Mast diagnostica, Poland) was performed according to the manufacturer's instructions. The test mainly measure IgM (and in a lesser extent IgG) antibody for M. pneumoniae and is based on the principle that gelatin particles sensitized with M. pneumoniae cell-membrane components are agglutinated by specific antibodies.
Mycoplasma IgM and IgG Antibody by Enzyme-Linked Immunosorbent Assay (EIA)
for detection of specific IgM and IgG anti-M. pneumoniae antibodies the eIa-Platelia (BioRad Laboratories, Poland) was performed. The antigen included in the test contains a high proportion of membrane proteins and is enriched in P1 cytoadhesin and some other cytoadherence-associated proteins. The test was performed manually according to the manufacturer's recommendations. The test result was validated as instructed in the kit manual. a specimen was considered positive for IgM antibodies to M. pneumoniae when the absorbance value of the specimen was equal to or greater than that of the cutoff serum specimen included in the kit. The values of IgG antibodies to M. pneumoniae were validated and transformed to arbitrary units (aU) from 1 to 100 determined with the kit standards, and the results were interpreted as recommended by the manufacturer. The specimen aU values were determined from the calibration curve and were interpreted as follows. a value of < 10 U for a single serum specimen was considered insignificant, a value of > 10 and < 40 U was considered low, and a value of ≥ 40 U was considered high.
Results
Out of the 148 serum samples, 57 (38.5%) gave positive screening results. However, the presence of M. pneumoniae-specific IgM and/or IgG antibodies was confirmed by eIa assays in only 30 (52.6%) of these 57 positive samples ( fig. 2) . These results indicated that in as many as 27 (47.4%) out of the 57 serum samples screened, false-positive results occurred.
among these 30 serum samples positive in eIa-Platelia assay, M. pneumoniae-specific IgM antibodies were present in 6 (10.5%) serum samples. Both, IgM and IgG antibodies were present in 3 (5.3%) of serum samples examined (Table 1). Taking into consideration that all these IgM-positive samples were obtained from children presenting symptoms of the lower respiratory tract infection, i.e. persistent cough, an interstitial inflammatory changes on X-chest ray, these serologic assay results indicated an acute infection. as many as 19 (33.3%) serum samples showed high levels of IgG without the accompanying IgM. In all these cases the interpretation of these results is difficult as may indicate recent remote infection as well as an acute infection. Hence, to discriminate between acute and remote infection the second serum sample should be examined. In 8 (14%) of samples there were only low levels of IgG antibodies, indicating a remote infection. Thus, although all these children showed clinical signs of the lower respiratory tract infection, most likely M. pneumoniae was not the cause of these symptoms. On the other hand, taking into consideration that even among children re-infections may occur, the low levels of IgG antibody may indicate anamnestic response which can be confirmed by re-examination of the IgG level after two weeks. These cases perfectly illustrate the importance of serological tests in all patients with suspected mycoplasmal pneumonia as well as the necessity to re-examine doubtful results of serologic tests e.g. low levels of IgG without accompanying IgM antibodies.
Discussion
coughing and tracheobronchitis are the commonest features of M. pneumoniae infection, but diagnosis based on clinical symptoms that may be due to other respiratory pathogens is impossible, thus laboratory testing for M. pneumoniae is particularly important. correct and rapid diagnosis of M. pneumoniae infections is of prime importance in order to introduce appropriate antibiotic treatment [16] .
culture of M. pneumoniae from clinical specimens is highly specific but time-consuming, difficult and relatively insensitive. Moreover, colonization of the upper respiratory tract by M. pneumoniae in asymptomatic individuals has been reported, making the clinical value of a positive culture results uncertain [17] . Therefore, laboratory diagnosis of M. pneumoniae infection is usually established through serological or molecular testing. Polymerase chain reaction (PcR), similarly to culture characterize high specificity, but low or variable sensitivity, thus PcR cannot replace serology although, may be performed in conjunction with serology [1, 16] . Several commercial tests utilizing passive agglutination, indirect immunofluorescence and immunoenzymatic assays are available and widely used for the detection of antibodies specific to M. pneumoniae in human sera. The complement fixation test, being as it is unspecific and insensitive, is no longer accepted [18] . However, several factors i.e. time of serum sample collection or patient's age, influence on the results of serologic tests as well as on the results interpretation. Moreover, the interpretation of serological tests results is complicated by the fact that low levels of antibody specific to M. pneumoniae are found in sera of healthy individuals, probably because of past M. pneumoniae infections or repeated exposures on M. pneumoniae. Thus, in M. pneumoniae infection it is difficult to set up criteria to determine acute or remote infection [19, 20] .
following an initial infection, specific IgM antibodies are rapidly produced, indicating acute or recent primary M. pneumoniae infection. IgM antibodies appear 7 to 10 days after infection, peak after 3 to 6 weeks, followed by a gradual decline over months to years [1] . However, specific IgM antibodies do not always indicate an acute infection, as they can persist for up to a year after the M. pneumoniae infection. In addition, IgM antibodies may not be present if the serum sample is obtained too early in the infection. Moreover, an IgM response may be either minimal or undetectable when adults are infected and during re-infection [16, 18] . Thus, a negative result of IgM evaluation does not exclude current infection, especially in patients over the age of 45 years. Since children have fewer than adults opportunities for repeated exposures to M. pneumoniae, the presence of specific IgM antibodies has a high reliability in pediatric patients with a recent infection of at least a week's duration, even on a single serum sample [1, 20] . The overall data showed that the frequency of the carriage M. pneumoniae in symptomless children is low, ranging from 4.6% to 13.5% [2] .
Specific IgG antibodies appear about 2 to 3 weeks after IgM occurrence and maximal response for IgG occur during the fifth week after onset of disease. an elevated IgG is frequently interpreted as evidence of acute infection, whereas low levels of IgG can indicate either an early stage of the current infection or a past illness. However, specific IgG antibodies may remain elevated for extended periods and thus do not discriminate between a current or remote M. pneumoniae infection. On the other hand, IgG is produced more quickly as an anamnestic response to re-infection; therefore, a second serum sample collected with an interval of 2 to 3 weeks should be examined, when a fourfold or greater increase of specific IgG titer evidences current infection [16, 21, 22] . Unfortunately, correct interpretation of tests results in paired sera with a rise in IgG antibody titer, delays the diagnosis.
Importantly, the serologic response may not reach detectable levels, thus producing false- [1] . Mycoplasmal adhesion molecules exhibit homology with human cd4 and class II major histocompatibility complex lymphocyte proteins, which could generate autoreactive antibodies [1, 24] . In the study as many as 47.4% of serum samples showed false-positive results in a screening test, indicating that crossreacting antibodies are common in children and may affect the actual number of infections detected. although the detection of antibodies specific to M. pneumoniae allows us to eliminate most falsepositive results, this still does not help to interpret the serologic tests results correctly.
The analysis presented in this study of serologic tests results perfectly illustrates the difficulties in the interpretation of the results, arising from a single serum sample survey. In pediatric patients the presence of IgM antibody is a good indicator of an acute M. pneumoniae infection, even in a single serum sample. However, the presence of IgG without accompanying IgM makes the interpretation of the result difficult. even high levels of IgG antibody may result from a remote infection, but may also indicate acute infection without IgM. The presence of specific IgG without IgM, combined with clinical signs of the lower respiratory tract infection, may suggest M. pneumoniae infection and incorrect treatment. after all, many other infectious agents e.g. bacteria, viruses and fungi, can cause similar to M. pneumoniae infection clinical signs and symptoms. although treatment with macrolides (e.g. erythromycin, clarithromycin, roxithromycin, josamycin and most effective azithromycin) and ketolides (telithromycin), tetracycylines (e.g. minocycline) and chinolones (e.g. levofloxacin, gatifloxacin, moxifloxacin, gemifloxacin) that are active against mycoplasmas may be effective against other pathogens of the respiratory tract, in many cases they can also lead to antibiotics abuse [4] . Taking into account the impact of mycoplasmal infections on the host immune system e.g. and their association with allergies, asthma and immune response disturbances, correct diagnosis and treatment is of particular importance. Thus, evaluation of acute-and convalescent-phase sera could make accurate interpretation of the serological testing results possible.
